The reactions of WCl 6 with a selection of carboxylic acids were investigated by using dichloromethane as reaction medium. The addition of pyridine-3-carboxylic acid (niacin) WCl 6 /CCl 3 CO 2 H (1:1 ratio) in 60% yield. All the metal products were characterized by analytical and spectroscopic techniques. The crystal structure of 1 was ascertained by X-ray diffractometry.
Introduction
In the framework of our interest in the reactivity of high valent transition metal halides [1] , we have been recently involved with some unexplored areas of the coordination chemistry of tungsten hexachloride [2] . A variety of reaction pathways may take place when WCl 6 is allowed to contact with oxygen compounds, including Cl/O interchange [3, 4] and W(VI) reduction to W(V) or W(IV) species [3a] . The capability of WCl 6 of promoting chlorination of the carbonyl function has been clearly ascertained regarding aldehydes, ketones [3a] and α-aminoacids [3b] ; in this respect, the behavior of WCl 6 resembles that of high-valent main group chlorides, e.g. PCl 5 [5] , which has been traditionally employed in organic chemistry as an effective chlorinating agent [6] . Metal reduction may be the most favorite route when WCl 6 is allowed to contact with esters [3a,7] .
Information concerning the direct interaction of WCl 6 with carboxylic acids still remain rather sparse in the literature and, to the best of our knowledge, the reactivity of WCl 6 with haloacetic acids has never been described hitherto. The dissolution of WCl 6 in acetic acid was proposed as a convenient method for the preparation of mesoporous W 18 O 49 photocatalyst [8] . Spectroscopic evidences indicated that Cl/O interchange and HCl release occurred in the reactions of WCl 6 with controlled amounts of RCO 2 H [R = CH 3 , CH 2 =CH(CH 2 ) 8 , CH 3 (CH 2 ) 10 ], notwithstanding no metal products were isolated [9] .
It deserves to be mentioned here that transition metal chlorides, including oxophilic chlorides of metals belonging to the groups 4 [10] and 5 [11] , generally react with carboxylic acids affording carboxylato complexes via the release of HCl [12] .
In the present paper, we report our study on the reactions of WCl 6 with a selection of carboxylic acids, i.e. pyridine-3-carboxylic acid, acetic acid and halo-α-substituted acetic acids. The reactions were carried out at room temperature in dichloromethane, i.e. a commonly considered scarcely coordinating solvent [13] , under strictly anhydrous conditions. DFT calculations assisted the characterization of the products and the understanding of the different routes observed depending on the nature of the R substituent in RCO 2 H.
Results and Discussion
The 1:1 molar reaction of pyridine-3-carboxylic acid with WCl 6 led to the isolation of 
Scheme 1 around here
Compound 1 was characterized by elemental analysis, IR and NMR spectroscopy. X-ray quality crystals were obtained from a dichloromethane/hexane mixture: the X-ray structure of 1 is shown in Figure 1 , whereas relevant bond lengths and angles are reported in Table 1 . The structure of 2 was optimized by DFT calculations (see Figure S1 and Table S1 within the Supporting Information). The lowest energy structure of 2 is shown in Figure 2 , with the organic ligand occupying the trans position respect to the oxido moiety. The same configuration has been usually observed in WOCl 4 (L) complexes (L = O donor) [3a, 15] . In 2, the coordination of acetic acid appears enforced by an intermolecular H---Cl hydrogen bond interaction.
Figure 2 around here
The IR spectrum of 2 (solid state) exhibited a diagnostic absorption at 1666 cm [17] . 
Figure 3 around here

3
We carried out a DFT investigation in order to explain the different behaviors of CH 3 CO 2 H and CCl 3 CO 2 H when allowed to contact with WCl 6 . In both cases, the formation of mono-carboxylato complexes appears less favorable (Eqn. 5) compared to the Cl/O interchange pathway (Eqn. 2).
+8.9
A possible mechanism for the Cl/O interchange reaction is shown in Figure 4 possibly related to a bidentate chelating tribromocarboxylato ligand [22] .
Conclusions
The reactions of WCl 6 with limited amounts of a series of carboxylic acids have been elucidated by means of spectroscopic and DFT studies. Both Cl/O interchange process and formation of carboxylato moieties are viable routes which may take place either selectively or not, depending on the nature of the employed carboxylic acid. DFT calculations have suggested that Cl/O interchange, via the initial formation of a heptacoordinated adduct, should be considered as the favorite outcome, nevertheless it may be kinetically inhibited on going from CH 3 CO 2 H to its α-halo-substituted derivatives. 
B) Solid state IR analyses.
IR analyses were performed on solid residues which were obtained with a procedure similar to that described for the preparation of the NMR samples, by allowing WCl 6 (0.70 mmol) to react with the appropriate carboxylic acid (1.4 mmol) in CH 2 Cl 2 (ca. 10 mL). The final mixture was dried in vacuo thus affording the residue for IR analysis. 
C) Isolation of 2 and 3.
A suspension of WCl 6 (0.410 g, 1.03 mmol) in CH 2 Cl 2 (15 mL) was treated with CH 3 CO 2 H (0.12 mL, 2.10 mmol). The mixture was stirred at room temperature for 18 h. The final mixture was added of hexane (40 mL), thus affording a precipitate which was isolated and dried in vacuo. A similar procedure led to the isolation of 3, from WCl 6 (0.320 g, 0.806 mmol) and CCl 3 CO 2 H (0.130 g, 0.796 mmol). 
Yellow solid, yield 0.170 g (41%
X-ray crystallographic study.
Crystal data and collection details for 1 are reported in Table 2 .
The diffraction experiment was carried out on a Bruker APEX II diffractometer equipped with a CCD detector and using Mo-Kα radiation (λ = 0.71073 Å). Data were corrected for Lorentz polarization and absorption effects (empirical absorption correction SADABS) [25] . The structure was solved by direct method and refined by full-matrix least-squares based on all data using F 2 [26] . All non-hydrogen atoms were refined with anisotropic displacement parameters. H-atoms were placed in calculated positions and treated isotropically using the 1.2 fold U iso value of the parent atom. The N-bonded hydrogen atom H (1) [28] and LANL2TZ(f) on W [29] . C-PCM implicit solvation model for dichloromethane was added to M06 calculations [30] . Ground-and transition-state optimizations were also performed using the hybrid DFT functional EDF2 [31] in combination with the LACVP** basis set [32] . In all of the cases the stationary points were characterized by IR simulations, from which zero-point vibrational energies and thermal corrections were obtained.
DFT-simulated IR data, obtained with harmonic approximation, assisted the interpretation of experimental IR spectra [33] . The software used were Gaussian 09 [34] and Spartan 08 [35] . (2) 1.24(3) C(1)-Cl (6) 1.780(19) C(1)-C (2) 1.43(3) C(2)-C(3) 1.37(3) C(3)-N (1) 1.30(3) N(1)-C (5) 1.41(3) C(5)-C (6) 1.37(3) C(6)-C (7) 1.37(3) C (7) (4) 170.10(18) Sum at C (1) 360(3) Sum aromatic ring 721(5) H-bond parameters N(1)-H (1) 0.88 H(1)····Cl (5) 2.39 N(1)····Cl (5) 3.210 (18) 3.143 / -3.020 
